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(54) Dielectric ceramic compositions and dielectric resonators 



(57) The present invention provides dielectric 
ceramics with less variation of temperature coefficient at 
a resonant frequency due to heating history during the 
sintering of ZrTi0 4 and Zr0 2 - Sn0 2 • Ti0 2 ceramics, and 
having a high unloaded Q value and a high dielectric con- 
stant, and a temperature coefficient at a resonant fre- 
quency which is widely variable as desired, and dielectric 
resonators using the dielectric ceramics which have a 
high unloaded Q value and a strong electrode layer. The 
main components of the dielectric ceramics (2) and (5) 
may be expressed by the formula: xZr0 2 - yT10 2 - 
zA (i+u)73 B {2-u)/302 wherein A denotes at least one com- 
ponent selected from the group (A) consisting of Mg, Co, 
Zn, Ni and Mn, B denotes at least one component 



selected from the group (B) consisting of Nb and Ta, and 
x, y, z and u (x, y and z are molar fractions and u is a 
value within the range from 0 to 1 .90) have the relation 
of x + y + z = 1 .0 , 0.10 s x s 0.60, 0.20 * y s 0.60, 0.01 
^ z ^ 0.70. The main component may include, as acces- 
sory components, at least one component selected from 
the group (C) consisting of Ba, Sr, Ca, Cu, Bi and W at 
0.005 to 7.000 % by weight of the entire weight of the 
ceramic. According to the cylindrical coaxial dielectric 
resonator, electromagnetic waves are incident in the 
direction of an opening end (3) and a necessary output 
is obtained from electrodes (1) and (4) by using the TEM 
mode. 
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Description 

This invention relates to dielectric ceramics and dielectric resonators for use in such high-frequency ranges as 
microwave and millimeter-wave frequencies. 

Recently, dielectric ceramics have been widely used in dielectric resonators and filters in microwave and millimeter- 
wave frequencies at wavelengths of several centimeters or less (hereinafter referred to as microwave in general). It is 
required that a dielectric material ror use in suuii apijiiueuiui i» i .av* « I »gh ur.:o«cJid Q (Q«) vslis zrd dielect' 1 '* ™ nc * 
e p and that the temperature coefficient at a resonant frequency t, be variable as desired. The Q value is the inverse of 
an inductive loss tan 5 . 

Various materials appropriate for use in such applications have been conventionally reported, among which ZrTi0 4 
ceramics are included. Also included in such materials are Zr0 2 -Sn0 2 -T10 2 ceramics, the Zr0 2 -Sn0 2 -TiOrMgO ceramic 
suggested in Japanese Laid-Open Patent No. 62-132769 and the ZrO^SnOrTiO^CoO-NbjjOg ceramic in Japanese 
Laid-Open Patent No. 2-192460, for example. 

However, although the ZrTi0 4 ceramics according to the prior art have a high dielectric constant of 45, the temper- 
ature coefficient at a resonant frequency is high in the positive side at 54ppm/°C f and the temperature coefficient at a 
resonant frequency is significantly varied by the heating history during sintering. The ZrOrSn0 2 -Ti0 2 ceramic has 
achieved a low temperature coefficient of about 0ppm/°C at a resonant frequency, but the variation of temperature coef- 
ficient at the resonant frequency caused by the heating history causes problems. In addition, conventional materials 
have such problems that the dielectric constant and unloaded Q value are low, and that the temperature coefficient at 
a resonant frequency cannot be varied as desired. Further, in the case of application to a coaxial resonator having 
electrodes formed on the surface of the dielectric ceramic, a planar filter and the like, there are problems in that the 
resonant frequency is easily deviated and the unloaded Q value is decreased when the bond strength of the electrode 
layer to the dielectric ceramic is low. 

The object of the present invention is to provide ZrTi0 4 and Zr0 2 -Sn0 2 -Ti0 2 ceramics with less variation of tem- 
perature coefficient at a resonant frequency due to heating history during sintering. 

It is another object of the present invention to provide dielectric ceramics that have a high unloaded Q value and a 
high dielectric constant, and have a temperature coefficient at a resonant frequency which is variable as desired. 

It is still another object of the present invention to provide dielectric resonators which comprise strong electrode 
layers having a high unloaded Q value. The subject of the present invention is to achieve one of these objects or to 
achieve more than two objects at the same time. 

In order to achieve the objects described above, the present invention provides a dielectric ceramic comprising as 
the main component a complex oxide formed of both Zr and Tl, at least one component selected from the group (A) 
consisting of Mg, Co, Zn, Ni and Mn and at least one component selected from the group (B) consisting of Nb and Ta, 
and as the accessory components at least one component selected from the group (C) consisting of Ba, Sr, Ca, Cu, Bi 
andW. 

For the present dielectric ceramic, it is preferred that the main component of the dielectric ceramic is expressed by 
the Formula: xZr0 2 - yTO 2 - zA| 1+u ^B (2 . U )/30 2 , wherein A denotes at least one component selected from the group (A) 
consisting of Mg, Co, Zn, Ni and Mn, B denotes at least one component selected from the group (B) consisting of Nb 
and Ta, and x. y, z and u are present within the range expressed by Formula 1 . wherein x, y and z denote molar fractions 
and u denotes a value expressed by the Formula 1 . 

x+y+z=1 

0.10 sxs0.60 

0.20 s y s 0.60 

0.01 s z s 0.70 

0 s u s 1 .90 Formula 1 

According to the dielectric ceramic, it is preferred that the accessory components of the dielectric ceramic are 
present within the range of 0.005 to 7.000 % by weight based on the entire weight of the ceramic. The amount of the 
accessory component is the weight of an oxide form in which the component is present in the ceramic, and is a value 
which is changed into {BaO, SrO, CaO, CuO, Bi 2 0 3l W0 3 }. 

Further, it is preferred that the main component comprises a ZrTi0 4 or crystallographical ZrTi0 4 phase substituted 
with at least one component selected from the group (A) consisting of Mg, Co, Zn, Ni and Mn and at least one component 
selected from the group (B) consisting of Nb and Ta. 
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Preferably, the main component comprises a ZrTi0 4 or crystallographies ZrTi04 phase substituted with at least one 
component selected from the group (A) consisting of Mg, Co, Zn, Ni and Mn and at least one component selected from 
the group (B) consisting of Nb and Ta, and a/b (a and b denote the total of molar fractions of the components A and B) 
ranges from 0.5 to 1.9. 

5 For the present dielectric ceramic, it is preferred that the main component further comprises a complex oxide formed 

of at least one component selected from the group (D) consisting of Sn, Hf and Ge. 

rrwsrskly, u u .« rr.a;r. zzrr^zr.zr' cf th: dielectric ccr*mic i? e:?re??e* h y * ho Formula- Y7rC 2 - yTiO ? - zA/« . .A»Bm. 

u yz0 2 - vD0 2 , wherein A denotes at least one component selected from the group (A) consisting of Mg, Co, Zn, Ni and 

Mn, B denotes at least one component selected from the group (B) consisting of Nb and Ta, and D denotes at least one 
w component selected from the group (D) consisting of Sn, Hf and Ge, and x, y, z, v, and u are present within the range 

expressed by Formula 2, wherein x, y, z and v denote molar fractions and u denotes a value expressed by the Formula 2. 

x+y+z+v=1 

15 0.10 as 0.60 

0.20 £ y ?£ 0.60 
0.01 s z s 0.50 

20 

0.001 ^v?i 0.20 
0=»u*1.90 Formula 2 

25 Further, it is preferred that the accessory components of the dielectric ceramic comprise at least one component 

selected from the group (C) consisting of Ba, Sr, Ca, Cu, Bi and W within the range from 0.005 to 7.000 % by weight 
based on the entire weight of the ceramic. 

For the present dielectric ceramic, it is preferred that the main component comprises a ZrTi0 4 or crystallographies 
ZrTi0 4 phase substituted with at least one component selected from the group (A) consisting of Mg, Co. Zn, Ni and Mn, 
30 at least one component selected from the group (B) consisting of Nb and Ta, and at least one component selected from 
the group (D) consisting of Sn, Hf and Ge. 

Preferably, the main component comprises a ZrTi04 or crystallographical ZrTi04 phase substituted with at least one 
component selected from the group (A) consisting of Mg, Co, Zn, Ni and Mn, at least one component selected from the 
group (B) consisting of Nb and Ta, and at least one component selected from the group (D) consisting of Sn, Hf and Ge, 
35 and a/b (a and b denote the total of molar fractions of the components A and B) ranges from 0.5 to 1 .9. 

The dielectric resonator of the present invention is characterized by a dielectric ceramic having the structure 
described above, and an electrode formed on the surface of the dielectric ceramic. 

For the present dielectric resonator, it is preferred that the electrode is copper or silver. 

In the structure of the present invention, the main component includes a complex oxide formed of both Zr and Ti, 
40 at least one component selected from the group (A) consisting of Mg, Co, Zn, Ni and Mn and at least one component 
selected from the group (B) consisting of Nb and Ta, and as the accessory components at least one component selected 
from the group (C) consisting of Ba, Sr, Ca, Cu, Bi and W. Consequently, the present invention provides dielectric ceram- 
ics with less variation of temperature coefficient at a resonant frequency due to heating history during the sintering of 
the ZrTi04 ceramic. 

45 According to the preferred structure of the composition formula and the Formula 1 , the present invention provides 

dielectric ceramics that have a high unloaded Q value and a high dielectric constant, and have a temperature coefficient 

at a resonant frequency which is variable as desired. 

According to the dielectric ceramic expressed by the composition formula and the Formula 1 , the main component 

comprises a ZrTi0 4 or crystallographical ZrTi0 4 phase substituted with at least one component selected from the group 
so (A) consisting of Mg, Co, Zn, Ni and Mn and at least one component selected from the group (B) consisting of Nb and 

Ta. Thus, the present invention provides dielectric ceramics having a higher unloaded Q value and a high dielectric 

constant, and is superior in thermo-stability at a resonant frequency. 

According to the dielectric ceramic expressed by the composition formula and the Formula 1 , the main component 

comprises a ZrTi0 4 or crystallographical ZrTi0 4 phase substituted with at least one component selected from the group 
55 (A) consisting of Mg, Co, Zn, Ni and Mn and at least one component selected from the group (B) consisting of Nb and 

Ta, and a/b (a and b denote the total of molar fractions of the components A and B) ranges from 0.5 to 1.9. Thus, the 

present invention provides dielectric ceramics having a much higher unloaded Q value and a high dielectric constant, 

and is superior in thermo-stability at a resonant frequency. 
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For the present dielectric ceramics, it is preferred that the main component further comprises a complex oxide 
formed of at least one component selected from the group (D) consisting of Sn, Hf and Ge. Thus, the present invention 
provides dielectric ceramics with less variation of temperature coefficient at a resonant frequency due to heating history 
during the sintering of Zr0 2 - Sn0 2 • Ti0 2 ceramics. 

5 For the present dielectric ceramic expressed by the composition formula and the Formula 2, it is preferred that the 
main component comprises a ZrTi0 4 or crystallographies ZrTi0 4 phase substituted with at least one component selected 
from the group (mj consisting ui iviy, Cu, In, cmJ U»\ al zr,z zzrr^zr.zr* c elected from the 2™V ( R ) nnnQi « tin Q 
of Nb and Ta, and at least one component selected from the group (D) consisting of Sn, Hf and Ge. Thus, the present 
invention provides dielectric ceramics having a higher unloaded Q value and a high dielectric constant, and is superior 

io in thermostability at a resonant frequency. 

According to the dielectric ceramic expressed by the composition formula and the Formula 2, the main component 
comprises a ZrTi04 or crystallographies ZrTi04 phase substituted with at least one component selected from the group 
(A) consisting of Mg, Co, Zn, Ni and Mn, at least one component selected from the group (B) consisting of Nb and Ta, 
and at least one component selected from the group (D) consisting of Sn ( Hf and Ge, and a/b (a and b denote the total 

is of molar fractions of the components A and B) ranges from 0.5 to 1.9. Thus, the present invention provides dielectric 
ceramics having a much higher unloaded Q value and a high dielectric constant, and is superior in thermo-stability at a 
resonant frequency. 

The dielectric resonator of the present invention has a high unloaded Q value and a strong electrode layer. 

In the foregoing, the ZrTi0 4 or crystallographies ZrTi0 4 phase substituted with at least one component of each of 
20 the groups A, B and D is a phase in which both or either of Zr and Ti sites are (is) substituted with at least one of each 
of the groups A, B and D. Basically, the ZrTi0 4 phase has an element ratio Zrffi = 1 . Actually, also in a composition area 
where the element ratio is slightly shifted to the direction which is higher or lower than 1 (for example, in case Zr and Ti 
are soluble in the ZrT10 4 phase), an area which can be regarded as the ZrTi0 4 constitution is present. Such an area is 
crystallographically referred to as a ZrTi0 4 phase. 
25 Fig. 1 A is a sections view of a cylindrical coaxial dielectric resonator, which is axially cut off, according to an embod- 
iment of the present invention. 

Fig. 1B is a sections view taken out along the line l-l shown in Fig. 1 A. 

Any compound such as oxide, carbonate, hydroxide, chloride , Skoxide of the component elements described above 
may be used as an initial material of the dielectric ceramic according to the present invention. As blending methods of 

30 powdery raw materials, wet blending for mixing the materials with water or organic solvent in a ball mill and dry blending 
for mixing them by a mixer or a ball mill, etc. without using any solvent are generally known and any of these methods 
may be employed. Alternatively, the alkoxide method and coprecipitation method may be used depending on the initial 
materiSs. Because the process is thus comparatively uncomplicated, and a homogeneous mixture can be easily 
obtained, it is desirable to employ the wet blending method for mixing them in a ball mill by using a solvent, and a 

35 dispersing agent may be additionally used for increasing the dispersing property of powders, or pH adjustment may be 
performed. 

Although calcination of the mixture is not required, the sintering time can be reduced by calcination. Although the 
calcination temperature depends on the particular compositions, it is generSly in the order of 1 to 8 hrs at about 700 to 
1200°C. 

40 As the milling method for the calcined material or mixture, any suitable method such as using a ball mill, high-speed 
rotor mill, media agitating mill and jet mill may be employed. 

For molding, press molding is generally carried out to obtain a desired shape. Although not specifically limited, the 
pressure used in the press molding is generally in a range of approximately 0.5 to 2 tone/cm*. A binder used for molding 
may be a binder used for molding ceramics, such as a polyvinyl alcohol binder, a polyvinyl butylal binder, an acrylic resin 

45 binder or a wax binder. Although not specifically limited, the amount of the binder to be used is generally in a range of 
approximately 0.5 to 1 % by weight by solid matter conversion. 

Although sintering is not specifically limited, as it depends on the particular compositions and dimensions of the 
moldings, it is generally desirable to perform firing at a temperature of approximately 400 to 700°C for about 1 to 24 hrs 
in order to remove binders, and then, at approximately 1 100 to 1650°C for about 2 to 100 hrs. 

so An example of a cylindrical coaxial dielectric resonator will be described with reference to the drawings. Fig. 1 A is 
a sectional view of the cylindrical coaxial dielectric resonator which is axially cut off, in which electrodes 1 and 4 are 
continuously formed on the surface of a cylindrical dielectric ceramic 2. The electrode is not formed on the surface of 
an opening end 3. Fig. 1 B is a sectional view taken along the line l-l shown in Fig. 1 A. According to the cylindrical coaxial 
dielectric resonator, electromagnetic waves are incident in the direction of the opening end 3, and the resonance (TEM 

55 mode) of the electromagnetic waves in a specHic frequency area is utilized to obtain the necessary output from the 
electrodes 1 and 4. 

The present invention will be described with reference to the following examples. 
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Example 1 

As initial materials, Zr0 2 , Ti0 2 , MgO, CoO, ZnO, NiO, Nb 2 0 5> Ta A, MnC0 3 , BaC0 3 , SrC0 3l CaC0 3> CuO, Bi20 3l 
W0 3 , Sn0 2 , Hf0 2 and GeO^f high chemical purity (more than 98wt.%) were used, weighed so as to make predeter- 
5 mined compositions and wet-blended with ethanol by using a ball mill. The volume ratio between the powder and ethanol 
was approximately 2:3. 

The mixture was removed Hum iiiw uaii miii, J.ioJ, «r£ C^Icir.Cd fcr 2 hrc 1CCC°C Ir. the ?}* Tha ralrinoH product 

was wet-milled in the ball mill with ethanol. After the milled slurry was removed from the ball mill and dried, the powder 
was mixed with 8 % by weight of polyvinyl alcohol solution of 6 vol.% in concentration as a binder, homogenized, and 

10 granulated by sieving through a 32 mesh screen. The granulated powder was molded into a disk of 7 mm in diameter 
and approximately 3 mm in thickness by using molds and an oil hydraulic press at a molding pressure of 1 .3 ton/cm 2 . 

The molding was placed in a magnesia vessel of high purity, kept in the air at a temperature of 600°C for 4 hrs to 
remove binders, then retained in the air at 1 200 to 1 500°C for 24 hrs for sintering, and quenched (taken out of a furnace 
and air-cooled) or slowly cooled down to 1 000°C (at a cooling rate of 20°C /hr) thereafter, and dielectric ceramics were 

15 obtained. 

The resonant frequency was obtained from measurement by the dielectric rod resonator method. The temperature 
coefficient at a resonant frequency t, was obtained in a range between -25°C and 85°C. 

The compositions of main components and the amount of accessory components, which are to be added, of the 
dielectric ceramics thus produced are shown in Tables 1 and 2, respectively. Cooling conditions after sintering and a 
20 temperature coefficient at a resonant frequency (ppm/°C) are shown in Table 3. In Tables 1 to 3, comparative examples 
have an asterisk. 



TABLE 1 

25 





Sample 




Composition (molar fraction) 










No. 


Zr Ti Mg 


Co Zn 


Ni 


Mn Nb Ta 


Sn 


Hf 

* 


Ge 


30 


*1,*2 


0.50 0.50 0 


0 0 


0 


0 0 0 


0 


0 


0 




3.4 


0.35 0.50 0.05 


0 0 


0 


0 0.10 0 


0 


0 


0 


35 


5.6 


0.35 0.50 0 


0.05 0 


0 


0 0.10 0 


0 


0 


0 




7.8 


0.35 0.50 0.01 


0.01 0.01 


0.01 


0.01 0.10 0 


0 


0 


0 




9.10 


0.35 0.50 0.01 


0.01 0.01 


0.01 


0.01 0.10 0 


0 


0 


0 



40 



45 



50 



55 



5 



EP 0 717 018 A1 



11,12 0.35 0.50 0.01 

13,14 0.35 0.50 0.01 

*15*16 0.40 0.50 0 

*17*18 0.32 0.50 0 

19,20 0.35 0.50 0.01 

21,22 0.35 0.50 0.01 

23,24 0.35 0.50 0.01 

25,26 0.35 0.50 0.01 



0. 


01 


0.01 


0.01 


0.01 


0. 


01 


0.01 


0.01 


0.01 


0 




0 


0 


0 


0. 


03 


0 


0 


0 


0 


.01 


0.01 


0.01 


0.01 


0 


.01 


0.01 


0.01 


0.01 


0 


.01 


0.01 


0.01 


0.01 


0 


.01 


0.01 


0.01 


0.01 



0.10 0 0 0 0 
0.05 0.05 0 0 0 
0 U O.iu 0 0 
0.05 0 0.10 0 0 
0.05 0.05 0.01 0 0 
0.05 0.05 0 0.01 0 
0.05 0.05 0 0 0.01 
0.05 0.05 0.01 0.01 0.01 



TABLE 2 



Sample No. 


Amount of additive (wt.%) 




Ba 


Sr 


Ca 


Cu 


Bi 


w 


*V2 


0 


0.1 


0 


0 


0 


0 


3,4 


0 


0.1 


0 


0 


0 


0 


5,6 


0.1 


0 


0 


0 


0 


0 


7,8 


0 


0 


0 


0 


0.1 


0 


9,10 


0 


0 


0 


0.1 


0 


0 


11,12 


0 


0 


0 


0 


0 


0.1 


13,14 


0.1 


0.1 


0.1 


0.1 


0 


0 


*15*16 


0 


0 


0 


0 


0 


0 


*17*18 


0 


0 


0 


0 


0 


0 


19,20 


0.1 


0.1 


0.1 


0.1 


0 


0 


21,22 


0.1 


0 


0 


0 


0 


0 


23,24 


0 


0.1 


0 


0 


0 


0 


25,26 


0.1 


0.1 


0.1 


0.1 


0 


0 



50 



55 



6 



• # 

EP 0 717 018 A1 



TABLE 3 



Sample No. 


Cooling condition after sintering 


t ( (ppm/°C) 


*1 


Quenching 


58.9 


z 


■ — ■ • - 


en 1 

1 


3 


Quenching 


8.2 


4 


Slow cooling 


8.9 


5 


Quenching 


5.5 


6 


Slow cooling 


4.8 


7 


Quenching 


9.4 


8 


Slow cooling 


9.3 


9 


Quenching 


9.7 


10 


Slow cooling 


10.1 


11 


Quenching 


9.8 


12 


Slow cooling 


9.6 


13 


Quenching 


9.8 


14 


Slow cooling 


9.7 


*15 


Quenching 


■5.7 


*16 


Slow cooling 


1.2 


*17 


Quenching 


-22.5 


*18 


Slow cooling 


-16.3 


19 


Quenching 


5.8 


Oft 
C\J 


Slow cooling 


4.2 


21 


Quenching 


0.9 


22 


Slow cooling 


1.2 


23 


Quenching 


9.5 


24 


Slow cooling 


9.9 


25 


Quenching 


8.5 


26 


Slow cooling 


9.7 



45 

As recognized from the results shown in Table 3, in dielectric ceramics of sample Nos. 3 to 14 and 19 to 26 of the , 
present example, the variation of temperature coefficient at a resonant frequency due to the heating history during 
sintering of ZrTi0 4 and ZrOrSn0 2 -Ti0 2 ceramics is reduced. 

so Example 2 

As initial materials, Zr0 2l Ti0 2 , MgO, CoO, ZnO, NiO, MnC0 3l Nb A. TaAi, BaC0 3l SrC0 3 , CaC0 3l CuO, Bi^, 
and W0 3 of high chemical purity which are the same as in Example 1 were used, weighed so as to make a predetermined 
compositions and wet-blended with ethanol by using a ball mill. The volume ratio between the powder and ethanol was 
55 approximately 2:3. 

The mixture was removed from the ball mill, dried, and calcined for 2 to 8 hrs at 800 to 1 250°C in the air. The calcined 
product was wet-milled in the ball mill with ethanol. After the milled slurry was removed from the ball mill and dried, the 
powder was mixed with 8 % by weight of polyvinyl alcohol solution of 6 vol.% in concentration added thereto as a binder, 
homogenized, and granulated by sieving through 32 mesh screen. The granulated powder was molded into a disk of 7 
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mm in diameter and approximately 3 mm in thickness by using molds and an oil hydraulic press at a molding pressure 
of 1 .3 ton/cm 2 . 

The molding was placed in a magnesia vessel of high purity, kept in the air at a temperature of 400 to 700°C for 4 
to 8 hrs to remove binders, retained in the air at 1200°C to 1650°C for 1 to 100 hrs for sintering, and dielectric ceramics 
were obtained. 

The resonant frequency, unloaded Q (Qu) value and dielectric constant e, were obtained from measurement by the 
dielectric rod resonator metnoa. i ne xemperaiur a uuemuei ii ai a i iani Tr ^qu©r.cy ~, wzz cbtdr.cd ir: z bet^ee" 
-25°C and 85'C. The resonant frequency was obtained in a range between 4GHz and 12GHz. 

The compositions of main components and the amount of accessory components, which are to be added, of the 
dielectric ceramics thus produced are shown in Table 4. The dielectric constant thus obtained, the temperature at a 
resonant frequency Xf (ppm/°C) and the unloaded Q value are shown in Table 5. In Tables 4 and 5, comparative examples 
have an asterisk. 



TABLE 4 

Sample A B Composition of main component Accessory 

No. (molar fraction) (value) component (wt.%) 









X 


I I 


u 






*27 


Mg 


Nb 


0.400 


0.150 0.450 


0 


Sr 


0.005 


*28 


Co 


Nb 


0.400 


0.150 0.450 


0 


Sr 


0.005 


*29 


Zn 


Nb 


0.400 


0.150 0.450 


0 


Ba 


0.005 


*30 


Ni 


Nb 


0.400 


0.150 0.450 


0 


Ca 


0.005 


31 


Mg 


Nb 


0.200 


0.200 0.600 


0 


Sr 


1.000 


32 


Co 


Nb 


0.200 


0.200 0.600 


0 


Sr 


1.000 


33 


Ni 


Nb 


0.200 


0.200 0.600 


0 


Sr 


1.000 



r 
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34 


Mo 

"6 


Nb 


0 450 0 200 0.350 


n 

w 


Sr 


0.500 


5 


35 


Co 


Nb 

11 w 


0 450 0 200 0.350 

W * * W W W • S* W W U > u WW 


o 

w 


Sr 


0.500 




36 


Me 


Nb 

11 w 


0 200 0 600 Q.2UU 

W * 6.WW W * WWW w • MWVS 


u 


WW 


0.50 n 


10 


37 

W 1 


Zn 


Nb 

11 w 


0 200 0 600 0.200 

w « m w w w » w w w.fc^w 


o 


Ba 


0.500 


*38 


Me 


Nb 

11 w 


0 150 0.700 0.150 


o 


Sr 


1.000 




*39 

W v/ 


Me 


Nb 


0.150 0.120 0.730 


o 


Ba 


0.500 


15 


40 


Me 


Nb 

11 w 


0 100 0 200 0 700 

U * 1UU WtbWW W . IWW 


o 

w 


Ba 


0.500 




41 


Ni 


Nb 

11 w 


0 100 0 200 0 700 

w • i u v w.mww w . iww 


o 

w 


Ba 


0.500 


20 


*42 






0 550 0 450 0 


n 

w 




0 




43 




Nb 

11 L/ 


0 490 0 500 0 010 

U i TwU W.WWW W.WAW 


o 

w 


Ba 


0.005 




44 


Co 


Nb 

11 W 


0 490 0 500 0 010 

W . ^WW W . WWW W . W 


o 

w 


Ba 


0.005 


25 


45 

* w 


Zn 

Oil 


Nb 


0 490 0 500 0 010 

y . t ju w.www u . u lu 


o 

w 


Ba 


0.005 




46 


Ni 


Nb 

11 w 


0 490 0 500 0 010 

W . « W W W.wWW W ■ W * W 


o 


Ba 


0.005 


30 


47 




Nb 

11 w 


0 300 0.300 0.400 

W . WWW W . Www W • * WW 


o 

w 


Sr 


1.000 




48 

* w 


Me 


Nb 

11 w 


0 400 0 400 0 200 


o 


Sr 


0.005 




49 


Co 


Nb 


0 400 0.400 0.200 


o 

w 


Sr 


0.005 


35 


50 


Zn 


Nb 

±i w 


0 400 0.400 0.200 


o 


Sr 


0.005 




51 


Me 


Nb 


0.340 0.520 0.140 


o 


Sr 


0.100 


40 


52 


Co 


Nb 

ii ky 


0.340 0 520 0.140 


o 


Sr 


0.100 




53 


Zn 

wli 


Nb 

11 w 


0 340 0 520 0 140 

W . W » W W » sJLd\J W « A i W 


o 

w 


Sr 


0.100 

W . * WW 




54 

w * 


Ni 
ii x 


Nb 

11 w 


0 340 0 520 0 140 

W . W * W W . W fa W W . X *w 


o 

w 


Sr 

w* 


0.100 

w ■ A w W 


45 


55 


Mg 


Nb 


0.450 0.450 0.100 


0 


Sr 


0.100 




*56 


Mg 


Nb 


0.650 0.200 0.100 


0 


Ca 


0.100 


50 


*57 


Co 


Nb 


0.650 0.200 0.100 


0 


Ca 


0.100 




58 


Mg 


Nb 


0.600 0.300 0.100 


0 


Ca 


0.100 




59 


Mg 


Nb 


0.100 0.400 0.500 


0 


Bi 


0.100 
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fin 
ou 


Hi 


Nh 
rlU 


n 1(10 Q 4Q0 0 500 

U * XUU U • 1 UU \J . JUU 


0 


Bi 


0.100 


*fii 


Mo 

ng 


Nh 


n nsn 0 500 0 450 

U • UUU U » JUU U • ~vu 


n 


Ca 

^0 mm* 


0.100 




Co 


Nb 

11 u 


0 050 0 500 0.4bU 


0 


•n 3 


n inn 


fi3 

VJ 




Nb 


0 450 0 350 0 200 


0 


Sr 


1.000 


64 

u^ 




Nb 


0 350 0 450 0.200 


0 


Sr 


1.000 












Cu 


0.005 


UU 


MC7 


Nh 


0 350 0 450 0 200 

U • UUU U • twv vJ • tiUW 


0 


Sr 


1,000 












Cu 


0.100 


fifi 

UU 


ng 


Nh 
11 u 


0 350 0 450 0 200 


0 


Sr 


1.000 












W 


0.005 


fi7 




Nh 


0 350 0 450 0 200 


0 


Sr 


1.000 












w 


0.100 

W • mm- \J \f 


BR 




Nb 

1» u 


0 350 0 450 0 200 


0 


Sr 


1.000 












w 


1.000 


69 




Nb 


0.350 0.450 0.200 


0 


Sr 


1.000 












W 


2.000 


70 


Me 


Nb 


0.350 0.450 0.200 


0 


Sr 


1.000 


71 


Me 


Nb 


0.350 0.450 0.200 


0.01 


Sr 


1.000 


72 


Co 

\J\J 


Nb 


0 350 0 450 0.200 


0.01 


Sr 


1.000 


73 


Zn 


Nb 


0.350 0.450 0.200 


0.01 


Sr 


1.000 


74 
• * 


Ni 


Nb 


0 350 0 450 0.200 


0.01 


Sr 


1.000 


75 


Mg 


Nb 


0.350 0.450 0.200 


0.05 


Sr 


1.000 


76 


Mg 


Nb 


0.350 0.450 0.200 


0.20 


Sr 


1.000 


77 


Co 


Nb 


0.350 0.450 0.200 


0.20 


Sr 


1.000 


78 


Mg 


Nb 


0.350 0.450 0.200 


0.50 


Sr 


1.000 


79 


Mg 


Nb 


0.350 0.450 0.200 


1.00 


Sr 


1.000 
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80 


Mg 


Nb 


5 


81 


Co 


Nb 




82 


Mg 


Nb 


10 


83 


Mg- /A Co, /A 
°l/4 1/4 


Nb 






Zn- /.Ni- JA 
1/4 1/4 






84 


e l/2 1/2 


Nb 


15 


85 


6 l/3 1/3 


Ta 






Ni- ,~ 
1/3 




20 


86 


^l/^lM 


^1/2 






Zn- ,-Ni- /vl 
1/4 1/4 


1/2 




0 f 


Mo 

" g 39/40 




25 




Mn 

" n l/40 


la l/2 




oo 


Ma 

ng 113/200 


Nh 


30 




Mn 

""87/200 






89 


Mn 


Nb 




90 


Mg 


Nb 


35 


91 


Mg 


Nb 




92 


Mg 


Nb 


40 


93 


Mg 


Nb 




94 




Nb 

11 U 


45 








50 


95 


Mg 


Nb 




96 


Mg 


Nb 




97 


Mg 


Nb 



0.350 0.450 0.200 1.90 Sr 1.000 
0.350 0.450 0.200 1.90 Sr 1.000 



O A Jk t \# w w 



U.cJSU U.idu u.<suu n.uu 
0.340 0.520 0.140 0 Sr 0.100 



0.340 0.520 0.140 1.00 Sr 0.100 
0.340 0.520 0.140 1.00 Sr 0.100 



0.340 0.520 0.140 1.00 Sr 0.100 



0.340 0.520 0.140 0.02 Bi 0.100 



0.328 0.502 0.170 0.41 Bi 0.100 



0.200 0.600 0.200 0 Ca 0.100 

0.300 0.400 0.300 1.00 Sr 0.500 
0.300 0.400 0.300 1.00 Ba 0.500 
0.300 0.400 0.300 1.00 Ca 0.500 
0.300 0.400 0.300 1.00 Bi 0.500 
0.300 0.400 0.300 1.00 Ba 0.500 

Sr 0.500 
Ca 0.500 
Bi 0.500 

0.300 0.400 0.300 1.00 Sr 1.500 
0.300 0.400 0.300 1.00 Sr 3.000 
0.300 0.400 0.300 1.00 Sr 7.000 
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*98 Mg Nb 0.300 0.400 0.300 1.00 Sr 8.000 

5 

TABLE 5 



10 


oainpie no . 


c 
C 

r 


■r 






★ 07 

& i 


30 1 

OU • J. 


-84 9 


950 








-70 S 

1 u • J 


850 

U JU 


15 


*2Q 


30 0 

uu • U 


-88 7 

UU • 1 


970 




*30 

ou 


30 8 


-fiq 4 

UJ « ^ 


830 


20 


31 


32.5 


-10.8 


8000 




0& 


31 3 

01*0 


-ft q 


Q000 

3UUU 




JO 


30 Q 

OU > 3 


-7 ft 


8100 
oiuu 


25 


01 


39 3 
oc • o 


-39 1 


4300 

tOUU 




3S 


33 1 

OO . J. 


-1Q S 


4fl00 


30 


36 


57.5 


47.4 


5300 




37 

O 1 




40 9 

tu • u 


filOO 

uxuu 




*3R 

ou 


7S ft 


225 2 


370 

U 1 u 


35 












*39 


28 0 


-84 8 


980 




40 
•±u 


33 ft 

OO . u 


-ft 5 


9800 


40 


41 


26.8 


-5.4 


9600 




*42 


45.8 


250.8 


1800 




43 

i 


44.5 


42.3 


3900 


45 












44 


44.3 


42.0 


3600 




45 


43.8 


45.9 


3100 


50 


46 


44.5 


46.8 


3100 




47 


39.3 


15.3 


6000 




48 


42.0 


0.3 


9700 
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49 
50 
51 
52 
53 
54 
55 
*56 
*57 
58 
59 
60 
*61 
*62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 



43 1 


12 1 


flROO 

DJUU 


42 2 


J . O 


8300 


4'1 1 






45 1 


13 4 


5100 


44 1 


1 3 


7900 


42 9 


16 2 


5100 


41 5 


10 3 


5500 


35 7 


60 5 


870 


29 5 


21 3 


620 


* 

40 2 


45 9 


4000 


65.5 


48 9 


3300 
\j \j \j 


55 8 


48 1 


4100 


82 9 


151 8 


830 


86 8 


213 3 


420 

T b U 


42 8 


14 3 


4800 


45 6 


20 0 


4700 


43.7 


28.7 


4000 


45.7 


19.5 


4900 


42 9 


16 3 


4600 


40 2 


7 3 


4200 


37 1 


4 2 


4000 


45.8 


19.7 


4700 


44.5 


14.1 


4900 


47.0 


35.4 


4700 


43.7 


19.8 


5100 


44.2 


40.2 


4700 
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75 


42.7 


A A A 

14.0 


c -i a a 

5100 


5 


76 


43.8 


10.5 


6700 




77 


45.2 


30.4 


f 1UU 


10 


78 


42 .9 


a o 

y . 3 


r ^00 




79 


41 .5 


o c 
0.0 






80 


35.2 


a i 

0.1 


C AAA 

6000 


15 


81 


32.3 


-9.8 


5200 




82 


O A O 

34.2 


-5.3 


4 O AA 

4300 


20 


83 


45.1 


17.3 


CT A A 

5700 




84 


A O O 

43.8 


5.7 


7CAH 

/ 500 




85 


40.1 


9.0 


OOOU 


25 


86 


41.8 


4.9 


7300 




87 


43.4 


9.8 


nr n AA 
7^00 


30 


88 


42.9 


8.7 


C 0 AA 

6800 




89 


61.2 


48.5 


O C AA 

3500 




90 


41.2 


-25.8 


obuO 


35 


91 


40.3 


-35.7 


9200 




A O 

92 


40.7 


-36.4 


boUU 


40 


93 


44.3 


-24.1 


cork a 




94 


42.5 


-34.2 


4900 


45 


95 
96 


42.8 
44.5 


-17.5 
-3.2 


8100 
7000 




97 


52.1 


38.5 


3800 


50 


*98 


59.3 


58.3 


910 



As is apparent from the results shown in Table 5, in dielectric ceramic compositions within a composition range of 
55 the invention, the dielectric constant is kept at a high value at microwave frequencies, while a high unloaded Q value is 
provided. 

On the contrary, when X is higher than 0.60, the unloaded Q value is significantly reduced as observed in sample 
Nos. 56 and 57. The objects of the invention cannot readily be achieved. When x is lower than 0.10, the unloaded Q 
value is reduced as observed in Example Nos. 61 and 62. 
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When y is higher than 0.60, the unloaded Q value is significantly reduced as observed in sample No. 38. Further, 
when y is lower than 0.20, the unloaded Q value is significantly reduced as observed in sample Nos. 27 to 30 and No. 
39. Consequently, the objects of the invention cannot readily be achieved. 

When z is higher than 0.70, the unloaded Q value is reduced as observed in sample No. 39. Further, when z is 
5 lower than 0.01, the unloaded Q value is reduced as observed in sample No. 42. Consequently, the objects of the 
invention cannot readily be achieved. 

Additionally, the unloaded Q value can oe improved by inuodai.iy u l» a lugl".^ *.»!wC 0. Hcvcvcr, \vh?r 
exceeds 1.90, the unloaded Q value is reduced as observed in sample No. 82. Also in the case of sample No. 82, the 
properties were better than those of conventional dielectric ceramics. 
10 When the amount of accessory component to be added is higher than 7.000 % by weight, the unloaded Q value is 
significantly reduced as observed in sample No. 98. Consequently, the objects of the invention cannot readily be 
achieved. 

It was confirmed within the composition range of the example that the unloaded Q value was improved by using A, 
which is at least one element selected from Mg, Co. Zn, Ni, and Mn and B t which is at least one element selected from 

15 Nb and Ta, oxides were calcined in advance at a temperature of 800 to 1 200°C. 

Additionally, a ZrTi04 phase or one recognized as being a crystallographies ZrTi0 4 phase was confirmed by powder 
X-ray diffraction of a dielectric ceramic within the composition range of Examples 1 and 2 of the invention. It was further 
confirmed in composition analysis by a local X-ray diffractometer of a fracture surface and polished surface of the die- 
lectric ceramic having, as the main component, ZrTi04 phase or crystallographical Zr7]0 4 phase that all components 

20 of Zr, Ti, A and B (wherein A is at least one component selected from Mg, Co, Zn. Ni and Mn, and B is at least one 
component selected from Nb and Ta) were present in a single grain, and their composition ratio was consistent with the 
composition ratio between other grains that constitute the main phase in the same dielectric ceramic. It was also con- 
firmed that all components A and B blended were present in a single grain. Moreover, it was confirmed that a dielectric 
ceramic with components Zr, Ti, A and B present in a grain which constitutes the main phase showed a higher lattice 

25 constant in comparison with ZrTiO* ceramic obtained under the same sintering conditions. Accordingly, it was confirmed 
that components A and B are substituted in the ZrTi0 4 phase or the crystallographical ZrTi04 phase. 

Such dielectric ceramics specifically showed a high unloaded Q value and a high dielectric constant, and were 
superior in thermo-stability at a resonant frequency. The unloaded Q value was even higher when the molar ratio a/b of 
the component A to the component B was 0.5 or more and 1.9 or less. 

30 As is apparent from the results described above, it was confirmed that the dielectric ceramics of the example are 
capable of maintaining the dielectric constant at a high value at microwave frequencies, while providing a high unloaded 
Q value, and are superior in thermo-stability at a resonant frequency. 

Example 3 

35 

As initial materials, Zr0 2 . Ti0 2 . MgO, CoO, ZnO, NiO. MnC0 3 , NbA, Ta A, Sn0 2 , Hf0 2 , Ge0 2 , BaC0 3 . SrC0 3 , 
CaC03, CuO, BijOs, and WO3 of high chemical purity which are the same as in Example 1 were used, weighed so as 
to make predetermined compositions and wet-blended with ethanol by using a ball mill. The volume ratio between the 
powder and ethanol was approximately 2:3. 

40 The mixture was removed from the ball mill, dried, and calcined for 2 to 8 hrs at 800°C to 1250°C in the air. The 
calcined product was wet-milled in the ball mill with ethanol. After the milled slurry was removed from the ball mill and 
dried, the powder was mixed with 8 % by weight of polyvinyl alcohol solution of 6 vol.% in concentration added thereto 
as a binder, homogenized, and granulated by sieving through a 32 mesh screen. The granulated powder was molded 
into a disk of 7 mm in diameter and approximately 3 mm in thickness by using molds and an oil hydraulic press at a 

45 molding pressure of 1 .3 ton/cm 2 . 

The molding was placed in a magnesia vessel of high purity, kept in the air at a temperature of 400°C to 700°C for 
4 to 8 hrs to remove binders, retained in the air at 1200°C to 1 650°C for 1 to 100 hrs for sintering, and dielectric ceramics 
were obtained. 

The resonant frequency, unloaded Q (Qu) value and dielectric constant ^ were obtained from measurement by the 
so dielectric rod resonator method. The temperature coefficient at a resonant frequency x f was obtained in a range between 
-25°C and 85 9 C. The resonant frequency was obtained in a range between 4 GHz and 12GHz. 

The compositions of main components and the amount of accessory components, which are to be added, of the 
dielectric ceramics thus produced are shown in Table 6. The dielectric constant thus obtained, the temperature at a 
resonant frequency ^ (ppm/°C) and the unloaded Q value are shown in Table 7. In Tables 6 and 7, comparative examples 
55 have an asterisk. 
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TABLE 6 

Sample A B D Composition of main component Accessory 
No. (molar traction; rvalue) uuuiuuneiVi 
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v 

1 


"7 


V 


1 1 

u 


fwt Ski 




*99 


Me 


Nb 


Sn 

Oil 


0 400 


0 150 


0 400 
u • *±uu 


0 050 
u • uju 


n 

u 


0 00R 
or U.UUD 




100 


Me 


Nb 


Sn 

Oil 


0 200 


0 200 


0 400 
u » **uu 


0 POO 


n 

u 


C<r 1 000 
or l . UUU 


15 


101 


Co 


Nb 
no 


Sn 

Oil 


o ?oo 


0 200 

U * £UU 


0 400 
u • **uu 


0 900 


n 

U 


or i . uuu 




102 

X \J w 


Ni 


Nb 

11 U 


Sn 

Oil 


o 200 


o 900 

u . cuu 


0 400 

U . fUU 


0 900 


U 


or i . uuu 


20 


103 


Mcr 


Nb 


Sn 

Oil 


o 4sn 


o 900 

U . GUU 


0 300 


o n^n 

U . UDU 


n 
u 


c-»-> n cnn 
or u . ouu 




104 


Co 


Nb 

11 u 


Sn 

oil 


o aro 


n 900 

U . cUU 


0 300 

u . ouu 


o ot;n 

U . UDU 


U 


or U.jUU 




105 


Mo* 


Nb 

11 u 


Sn 

Oil 


0 200 


n goo 

U . UUU 


0 100 
u . xuu 


0 100 
U . 1UU 


n 

U 


n?a n cnn 
Da U.DUU 


25 


106 


Zn 


Nb 

11 o 


Sn 

Oil 


0 900 


U . UUU 


0 1 RO 

U . J.UU 


0 0R0 
U . UOU 


n 

U 


D 0 n Knn 

oa u.ouu 




*107 

Awl 




Nb 


Sn 

Oil 


0 ISO 


0 700 

U.I uu 


0 TOO 


0 050 
u * U JU 


n 
u 


c r 1 nnn 
or i.uuu 


30 


*108 


Me 


Nb 


Sn 


0 150 


0 120 


0 530 

U • JJU 


0 900 

U . LUU 


n 
u 


Co n Ron 

Da U . OUU 




109 


Me 


Nb 


Sn 


0 100 

vJ • 1UU 


0 200 


0 500 

U . JUU 


0 200 


n 
u 


Ha 0 ROO 
Da U . OUU 




*110 


Me 


Nb 


Sn 


0 100 


0 200 


0 300 

u • ouu 


0 400 
u . tuu 


n 

u 


Ra 0 ROO 
Da U . OUU 


35 


*1H 

• A «fe 








0 550 


0 450 


o 

u 


u 


u 


- 0 

u 




112 

A ^ M 


Me 


Nb 


Sn 

Oil 


0 490 


0 450 


0 010 
u . uxu 


0 050 

U . UDU 


n 

U 


p 9 n nnc; 
Da u . uuo 


40 


113 


Mg 


Nb 


Sn 


0.300 


0.300 


0.300 


0.100 


0 


Sr 1.000 




114 


Mg 


Nb 


Sn 


0.400 


0.400 


0.199 


0.001 


0 


Sr 0.005 




115 


Co 


Nb 


Sn 


0.400 


0.400 


0.199 


0.001 


0 


Sr 0.005 


45 


116 


Zn 


Nb 


Sn 


0.400 


0.400 


0.199 


0.001 


0 


Sr 0.005 




117 


Mg 


Nb 


Sn 


0.450 


0.450 


0.050 


0.050 


0 


Sr 0.100 


50 


*118 


Mg 


Nb 


Sn 


0.650 


0.200 


0.050 


0.050 


0 


Ca 0.100 




119 


Mg 


Nb 


Sn 


0.600 


0.300 


0.050 


0.050 


0 


Ca 0.100 




*120 


Mg 


Nb 


Sn 


0.050 


0.500 


0.400 


0.050 


0 


Ca 0.100 
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121 


Mg 


Nb 


Sn 


122 


Mg 


Nb 


Sn 


123 


Mg 


Nb 


Sn 


124 


Mg 


Nb 


Sn 


125 


Mg 


Nb 


Sn 


126 


Ma 


Nh 


Sn 
oil 


127 

x C I 


Ma 


lit) 


on 


128 

X h* W 


Mcr 


Nh 

LI U 


Sn 

Oil 


129 

J. U v/ 


Ma 


Nh 


Oil 


130 


Ma 


Nb 

11 u 


Sn 

Oil 


131 

X ox 


Ma 


Nh 


Sn 

Oil 


132 




Nb 

11 u 


Sn 

Oil 


133 


Mg 


Nb 


Sn 


134 


Mg 


Nb 


Sn 


135 


Co 


Nb 


Sn 


136 


Me 


Nh 

11 U 


Oil 


137 


M *l/4 
C °l/4 
Zn l/4 
Ni l/4 


Nb 


Sn 



EP0 717018A1 

0.450 0.350 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.350 0.450 0.150 

0.340 0.520 0.130 



U.UoU 


0 


Sr 


1.000 


U . UOU 


u 


Sr 


1.000 






ou 




U . UDU 


u 


Sr 


1.000 






Cu 0.100 


n nun 
u . uou 


u 


Sr 1.000 






W 


0.005 


u . UOU 


n 
u 


Sr 


1.000 






W 


0.100 


U . UOU 


n 
U 


Sr 


1.000 






W 


1.000 


U. UoU 


u 


Sr 


1.000 






W 


2.000 


U . uou 


A 

u 


Sr 


1.000 


u . uou 


u.ui 


Sr 


1.000 


n nt;n 
u . uou 


n ok 
U . Uo 


Sr 


1.000 


u . uou 


n on 
U. &U 


Sr 


1.000 


n nun 
u . uou 


u . ou 


Sr 


1.000 


0.050 


1.00 


Sr 


1.000 


0.050 


1.90 


Sr 


1.000 


0.050 


1.90 


Sr 


1.000 


0.050 


2.00 


Sr 


1.000 


0.010 


0 


Sr 0.100 
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138 


°l/3 


Ta 


Sn 


0.340 


0.520 


0.130 


0 010 


i nn 

X . uu 


ui U . J.UU 


5 




Co- yo 
1/3 


• 




















Ni- /Q 
1/3 


















10 


139 


Mg, 
5 l/4 


Nb„ , n 
1/2 


Sn 


0 340 




n i?n 


n mn 

U . UIU 


i nn 


c*» n 1 nn 
or U.1UU 
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TABLE 7 
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60.0 
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15 
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20 
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37.2 
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ID . D 
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25 


134 
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150 45.3 -28.5 5300 

151 30.9 -34.5 4yuu 



As is apparent from the results shown in Table 7, it was confirmed that, in dielectric ceramic compositions within a 
composition range of the present invention, the dielectric constant is kept at a high value at microwave frequencies, 
while a high unloaded Q value is provided. 

On the contrary, when X is higher than 0.60, the unloaded Q value is significantly reduced as observed in sanple 
No. 118. Consequently, the objects of the invention cannot readily be achieved. When x is lower than 0.10, the unloaded 
Q value is reduced as observed in sample No. 1 20. Consequently, the objects of the invention cannot readily be achieved. 

When y is higher than 0.60, the unloaded Q value is significantly reduced as observed in sample No. 107. Further, 
when y is lower than 0.20, the unloaded Q value is significantly reduced as observed in sample Nos. 99 and 108. 
Consequently, the objects of the invention cannot readily be achieved. 

When z is higher than 0.50. the unloaded Q value is reduced as observed in sample No. 108. When z is lower than 
0.01 , the unloaded Q value is reduced as observed in sample No. 1 1 1 . Consequently, the objects of the invention cannot 
readily be achieved. 

Additionally, the unloaded Q value can be improved by increasing w to a higher value than 0. However, when w 
exceeds 1.90, the unloaded Q value is reduced as shown in sample No. 136. Also in the case of sample No. 136, the 
properties were better than those of conventional dielectric ceramics. 

When the amount of accessory component to be added is higher than 7.000 % by weight, the unloaded Q value is 
significantly reduced as observed in sample No. 149. Consequently, the objects of the invention cannot readily be 
achieved. 

It was confirmed within the composition range of the example that the unloaded Q value was improved by using A, 
which is at least one element selected from Mg, Co, Zn, Ni, and Mn and B, which is at least one element selected from 
Nb and Ta, oxides that were calcined in advance at a temperature of 800°C to 1 200°C. 

Additionally, a ZrTi0 4 phase or one recognized as being a crystal lographical ZrTi0 4 phase was confirmed by powder 
X-ray diffraction of a dielectric ceramic within the composition range of Examples 1 and 3 of the invention. It was further 
confirmed in composition analysis by a local X-ray diffractometer of a fracture surface and polished surface of the die- 
lectric ceramic having as the main component ZrTi0 4 phase or crystallographical ZrTi0 4 phase, that all components of 
Zr, Ti. A, B and D (wherein A is at least one component selected from Mg, Co, Zn, Ni and Mn, B is at least one component 
selected from Nb and Ta, and D is at least one component selected from Sn, Hf and Ge) were present in a single grain, 
and their composition ratio was consistent with the composition ratio between other grains that constitute the main phase 
in the same dielectric ceramic. It was also confirmed that all components A, B and D blended were present in a single 
grain. 

Moreover, it was confirmed that a dielectric ceramic with components Zr, Ti, A, B and D present in a grain which 
constitutes the main phase showed a higher lattice constant in comparison with ZrTi0 4 ceramic obtained under the 
same sintering conditions. Accordingly, it was confirmed that components A, B and D are substituted in the ZrTi0 4 phase 
or the crystallograpnical.ZrTi0 4 phase. 

Such dielectric ceramics specifically showed a high unloaded Q value and a high dielectric constant, and were 
superior in thermostability at a resonant frequency. The unloaded Q value was even higher when the molar ratio a/b of 
the component A to the component B was 0.5 or more and 1 .9 or less 

As is obvious from the results described above, it was confirmed that the dielectric ceramics of the example are 
capable of maintaining the dielectric constant at a high value at microwave frequencies, while providing a high unloaded 
Q value, and are superior in thermo-stability at a resonant frequency. 

Example 4 

As initial materials, Zr0 2 , Ti0 2 , MgO, CoO, ZnO, NiO, MnC0 3 , Nb A, TaA, BaC0 3 , SrC0 3 , CaC0 3 , CuO, BiA, 
and W0 3 of high chemical purity were used, weighed so as to make predetermined compositions and wet-Wended with 
ethanol by using a ball mill. The volume ratio between the powder and ethanol was approximately 2:3. 

The mixture was removed from the ball mill, dried, and calcined for 2 to 8 hrs at 800 P C to 1250°C in the air. The 
calcined product was wet-milled in the ball mill with ethanol. After the milled slurry was removed from the ball mill and 
dried, the powder was mixed with 8 % by weight of polyvinyl alcohol solution of 6 vol.% in concentration added thereto 
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as a binder, homogenized, and granulated by sieving.through 32 mesh screen. The granulated powder was molded into 
a cylindrical coaxial shape by using molds and an oil hydraulic press at a molding pressure of 1 .3 ton/cm^. 

The molding was placed in a magnesia vessel of high purity, kept in the air at a temperature of 400°C to 700°C for 
4 to 8 hrs to remove binders, retained in the air at 1200°C to 1650°C for 1 to 100 hrs for sintering, and cylindrical coaxial 
dielectric ceramics having an outer diameter of 7.2 mm and an inner diameter of 3.6 mm were obtained. 

wnen coppe. was ~zzt fcr zr. elect"** material, a coDDer coat having a thickness of about 3.5 jim was formed on 
the dielectric ceramic surface by the electroless plating method. When silver was usea tor me «i<*/u 



//>»" 



paste which is on the market was burned to form a silver coat. In both cases, one of two end faces of the coaxial type 
device ground the electrode material, so that a TEM mode resonator was obtained. 
10 The compositions of main components and the amount of accessory components, which are to be added, of the 
dielectric resonator thus produced are shown in Table 8, the electrode material which was used, Ihe unloaded Q value 
and the bond strength are shown in Table 9. The resonant frequency was 1 .3 to 1 .7 GHz. In Tables 8 and 9, comparative 
examples have an asterisk. 
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TABLE 8 

Composition of main component Accessory 
(molar fraction) lvalue j component (*L:V; 



X 


X 


z 


u 






0.340 


0.520 


0.140 


0 




mm\ 

0 


f\ mm mm gf\ 

0.550 


0.450 


0 


0 




0 


0.340 


0.520 


0.140 


0 


Sr 


0.100 


A O A A 

0.340 


A r Art 

0.520 


A + A f\ 

0.140 


0 


Attn 

Sr 


At* A 

0.100 


0.340 


0.520 


0.140 


A\ 

0 


Sr 


0.100 


0.340 


A r- n r\ 

0.520 


0.140 


0 


Sr 


0.100 


A ^ /\a 

0.100 


A A AA 

0.400 


0.500 


0 


Bi 


0.100 


0.100 


0.400 


0.500 


0 


Bi 


0.100 


A A P A 

0.450 


A Or A 

0.350 


0.200 


0 


mm*. 

Sr 


1.000 


A OCA 

0.350 


A A r? A 

0.450 


A n r\ n 

0.200 


0 


Sr 


j ^% Am* 

1.000 










Cu 


0.005 


0.350 


0.450 


0.200 


0 


Sr 


1.000 










Cu 


0.100 


0.350 


0.450 


0.200 


0 


Sr 


1.000 










W 


0.005 


0.350 


0.450 


0.200 


0 


Sr 


1.000 










W 


0.100 


0.350 


0.450 


0.200 


0 


Sr 


1.000 










W 


1.000 
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Mg 


Nb 


0.300 0.400 0.300 


1.00 


Sr 


1 


.500 
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Mg 


Nb 
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1.00 


Sr 
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Mg 
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No. 
*152 
*153 



154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 



Electrode 
material 

Cu 

Cu 



Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 
Cu 



TABLE 9 
Qu 



150 



550 
520 
500 
510 
530 
500 
630 
670 
650 
660 
650 
620 
600 
650 
670 



Bond strength 
(kg/4mm 2 ) 
0.4 



Unmeasurable due to 
electrode peeling 

6.8 
6.4 
6.3 
6.0 
6.1 
6.3 
9.7 
12.0 
12.0 
11.5 
10.9 
10.7 
11.0 
9.3 
9.1 
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Cu 
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y . o 


s 
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Cu 


670 


9.1 
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Cu 
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6 . o 


10 


172 


Cu 


740 
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Cu 
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y . u 
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Cu 


740 


Q Q 

o.y 


15 


175 


Cu 


580 


7.3 




176 


Cu 


620 




20 


177 


Cu 


640 


7 .8 




178 


Cu 


630 


7 . o 




179 


Cu 


640. 


y .7 


25 


180 


Cu 


530 


6.1 




181 


Cu 


610 


9.3 


30 


182 


Cu 


670 


11 .5 




183 


Cu 


750 


10.4 


35 


184 
185 


Ag 
Cu 


730 
740 


12.0 
11.5 




186 


Cu 


680 


12.0 


AO 


*187 


Cu 


210 


10.5 



As is apparent from the results shown in Table 9, the dielectric resonators of the embodiment had a high bond 
46 strength also when an electroless copper electrode is used in the same way as a silver electrode. For this reason, the 
unloaded Q value is high in a microwave frequency band and the resonant frequency can be prevented from deviating 
due to electrode peeling so that electric characteristics are stable. In addition, the dielectric resonators of the invention 
are suitable for forming electrodes by copper plating, so that they are suitable for large scale production and manufac- 
turing costs can be reduced. 

so Additionally, a ZrTi0 4 phase or one recognized as being a crystal lographical ZrTi04 phase was confirmed by powder 
X-ray diffraction of a dielectric ceramic within the composition range of Example 4 of the invention. It was further confirmed 
in composition analysis by a local X-ray diffractometer of a fracture surface and polished surface of the dielectric ceramic 
having as the main component ZrTi0 4 phase or crystallographies ZrTi0 4 phase, that all components of Zr, Ti, A and B 
(wherein A is at least one component selected from Mg, Co, Zn, Ni and Mn, and B is at least one component selected 

55 from Nb and Ta) were present in a single grain, and their composition ratio was consistent with the composition ratio 
between other grains that constitute the main phase in the same dielectric ceramic. It was also confirmed that all com- 
ponents A and B blended were present in a single grain. Moreover, it was confirmed that a dielectric ceramic with com- 
ponents Zr, Ti, A and B present in a grain which constitutes the main phase showed a higher lattice constant in comparison 
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with ZrTiCU ceramic obtained under the same sintering conditions. Accordingly, it was confirmed that components A 
and B are substituted in the ZrTi04 phase or the crystallographical ZrTiC>4 phase. 

Such dielectric ceramics specifically showed a high unloaded Q value and a high dielectric constant, and were 
superior in thermostability at a resonant frequency. The unloaded Q value was even higher when the molar ratio a/b of 
the component A to the component B was 0.5 or more and 1.9 or less. The dielectric resonators having such dielectric 
ceramics had an unloaded Q value which is specially high, and a high electrode bond strength. 

As is obvious from the results described above, it was contirmea tnat tne aieieciric resunaiur 
the unloaded Q value which is specially high at a microwave frequency band. Moreover, the resonant frequency can be 
prevented from deviating due to electrode peeling. In addition, the dielectric resonators of the invention are suitable for 
forming electrodes by copper plating, so that they can be produced on a large scale and manufacturing costs can be 
reduced. 

Example 5 

As initial materials, Zr0 2 , Ti0 2 , MgO, CoO, ZnO, NiO, MnC0 3 , Nb 2 0 5 , Ta A, Sn0 2 , Hf0 2 , Ge0 2 , BaC0 3 , SrC0 3l 
CaC03, CuO, BisOa, and WO3 of high chemical purity which are the same as in Example 1 were used, weighed so as 
to make predetermined compositions and wet-blended with ethanol by using a ball mill. The volume ratio between the 
powder and ethanol was approximately 2:3. 

The mixture was removed from the ball mill, dried, and calcined for 2 to 8 hrs at 800°C to 1 250°C in the air. The 
calcined product was wet-milled in the ball mill with ethanol. After the milled slurry was removed from the ball mill and 
dried, the powder was mixed with 8 % by weight of polyvinyl alcohol solution of 6 vol.% in concentration added thereto 
as a binder, homogenized, and granulated by sieving through 32 mesh screen. The granulated powder was molded into 
a cylindrical coaxial shape by using molds and an oil hydraulic press at a molding pressure of 1 .3 ton/err*. 

The molding was placed in a magnesia vessel of high purity, kept in the air at a temperature of 400*C to 700°C for 
4 to 8 hrs to remove binders, retained in the air at 1 200°C to 1 650°C for 1 to 1 00 hrs for sintering, and cylindrical coaxial 
dielectric ceramics having an outer diameter of 7.2 mm and an inner diameter of 3.6 mm were obtained. 

When copper was used for an electrode material, a copper coat having a thickness of about 3.5 \im was formed on 
the dielectric ceramic surface by the electroless plating method. When silver was used for the electrode material, silver 
paste which is on the market was burned to form a silver coat. In both cases, one of two end faces of the coaxial type 
device ground the electrode material, so that a TEM mode resonator was obtained. 

The compositions of main components and the amount of accessory components, which are to be added, of the 
dielectric resonator thus produced are shown in Table 1 0, the electrode material which was used, the unloaded Q value 
and the bond strength are shown in Table 1 1 . The resonant frequency is 1 .3 to 1 .7 GHz. 
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TABLE 10 

Sample A B D Composition of main component 

(molar fraciion) Rvalue) 



X ^ 2 V U 



188 


"21/4 
C °l/4 

Zn i/4 

Nil/* 
1/4 


Nb 


Sn 


0.340 


0.520 


0.130 


0.010 

• 


0 


189 


*l/3 

Co, , 0 
1/3 

Ni i /i 
1/3 


Ta 


Sn 


0.340 


0.520 

w ♦ W w W 

i 


0 130 


\J . UJ.U 




190 


M Sl /A 

°l/4 
L0 l/4 
^1/4 
Ni l/4 


1/2 
Ta l/2 


Sn 


0.340 


0.520 


0.130 

w * ^ W W 


0 010 


i nn 


191 


Mn 


Nb 


Sn 


0.200 


0.600 


0.190 


0.010 


0 


192 


Mg 


Nb 


Sn 


0.300 


0.400 


0.200 


0.100 


1.00 


193 


Mg 


Nb 


Sn 


0.300 


0.400 


0.200 


0.100 


1.00 


194 


Mg 


Nb 


Sn 


0.300 


0.400 


0.200 


0.100 


1.00 


195 


Mg 


Nb 


Sn 


0.300 


0.400 


0.200 


0.100 


1.00 


196 


Mg 


Nb 


Sn 


0.300 


.0.400 


0.200 


0.100 


1.00 



197 Mg Nb Sn 0.300 0.400 0.200 0.100 1.00 



Accessory 
component 

(wt.%) 
Sr 0.100 



Sr 0.100 
Sr 0.100 



Ca 0.100 
Sr 0.500 
Ba 0.500 
Ca 0.500 
Bi 0.500 
Ba 0.500 
Sr 0.500 
Ca 0.500 
Bi 0.500 
Sr 1.000 
Cu 0.005 
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TABLE 11 



5 



10 



15 



25 



35 



Sample No. 


Electrode material 


Qu 


Bond strength (kgMmm 2 ) 


188 


Cu 


580 


8.8 


* « r\ 
i wv 




(in 


C 1 


190 


Cu 


590 


8.3 


191 


Cu 


480 


5.1 


192 


Cu 


670 


9.3 


193 


Cu 


600 


9.1 


194 


Cu 


480 


5.7 


195 


Cu 


540 


8.7 


196 


Cu 


720 


10.8 


197 


Cu 


760 


12.0 


198 


Cu 


740 


12.0 


199 


Cu 


730 


10.9 


200 


Cu 


740 


11.4 


201 


Cu 


700 


9.7 


202 


Cu 


650 


8.9 


203 


Cu 


760 


10.8 


204 


Ag 


720 


12.0 


205 


Cu 


720 


11.1 


206 


Cu 


700 


11.3 


*207 


Cu 


180 


12.0 


208 


Cu 


630 


10.1 


209 


Cu 


540 


8.9 

* 



40 As is apparent from the results shown in Table 11, the dielectric resonators of the embodiment had a high bond 
strength also when an electroless copper electrode is used in the same way as a silver electrode. For this reason, the 
unloaded Q value is high in a microwave frequency band and the resonant frequency can be prevented from deviating 
due to electrode peeling so that electric characteristics are stable. In addition, the dielectric resonators of the invention 
are suitable for forming electrodes by copper plating, so that they are suitable for large scale production and manufac- 

45 turing costs can be reduced. 

Additionally, a ZrTi0 4 phase or one recognized as being a crystallographical ZrTi0 4 phase was confirmed by powder 
X-ray diffraction of a dielectric ceramic within the composition range of Example 5. It was further confirmed in composition 
analysis by a local X-ray diffractometer of a fracture surface and polished surface of the dielectric ceramic having as the 
main component ZrTi0 4 phase or crystallographical ZrTi0 4 phase that all components of Zr, Ti, A, B and D (wherein A 

so is at least one component selected from Mg, Co, Zn, Ni and Mn, B is at least one component selected from Nb and Ta, 
and D is at least one component selected from Sn, Hf and Qe) were present in a single grain, and their composition 
ratio was consistent with the composition ratio between other grains that constitute the main phase in the same dielectric 
ceramic. It was also confirmed that all components A, B and D blended were present in a single grain. Moreover, it was 
confirmed that a dielectric ceramic with components Zr, Ti, A, B and D present in a grain which constitutes the main 

55 phase showed a higher lattice constant in comparison with ZrTi0 4 ceramics obtained under the same sintering condi- 
tions. Accordingly, it was confirmed that components A, B and D are substituted in the ZrTi0 4 phase or the crystallo- 
graphical ZrTi0 4 phase. 

Such dielectric ceramics specifically showed a high unloaded Q value and a high dielectric constant, and were 
superior in thermo-stability at a resonant frequency. The unloaded Q value was even higher when the molar ratio a/b of 
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the component A to the component B was 0.5 or more and 1 .9 or less. The dielectric resonators having such dielectric 
ceramics had an unloaded Q value which is specially high, and a high electrode bond strength. 

As is apparent from the results described above, it was confirmed that the dielectric resonators of the example have 
the unloaded Q value which is especially high at a microwave frequency band. Moreover, the resonant frequency can 
be prevented from deviating due to electrode peeling. In addition, the dielectric resonators of the invention are suitable 
for forming electrodes by copper plating, so that they can be produced on a large scale and manufacturing costs can 
oe reauced. 

Although a dielectric ceramic having a cylindrical coaxial shape was used in Examples 4 and 5 of the invention, it 
is not limited to such a shape. For example, in the case of a TEM mode resonator using a dielectric ceramic having a 
prismatic coaxial or stepped coaxial shape, a microstrip line resonator using a dielectric resonator which has a planar 
shape, or a triplate resonator, an unloaded Q value which is equivalent to or more than the conventional ones can be 
obtained. Thus, a dielectric resonator in which stability is high and manufacturing costs are reduced can be obtained. 

According to the structure of the dielectric ceramic of the invention, the variation in temperature coefficient at a 
resonant frequency due to heat history during sintering of ZrTi0 4 and ZrO r Sn02-Ti0 2 ceramics can be reduced. In 
addition, a high unloaded Q value is provided, and the temperature coefficient at a resonant frequency can be changed 
as desired without reducing the dielectric constant. 

Furthermore, aocording to the structure of the dielectric resonator of the invention, a dielectric resonator having a 
high unloaded Q value and a strong electrode layer can be obtained. 

Claims 

1- A dielectric ceramic comprising as the main component a complex oxide formed of both Zr and Ti, at least one 
component selected from the group (A) consisting of Mg, Co, Zn, Ni and Mn and at least one component selected 
from the group (B) consisting of Nb and Ta, and as the accessory components at least one component selected 
from the group (C) consisting of Ba, Sr, Ca, Cu, Bi and W. 

2. The dielectric ceramic according to Claim 1 , wherein the main component of the dielectric ceramic is expressed by 
the Formula: xZr0 2 - yTi0 2 • zA (1 ^B^.uyzOz, wherein A denotes at least one component selected from the group 
(A) consisting of Mg, Co, Zn, Ni and Mn, B denotes at least one component selected from the group (B) consisting 
of Nb and Ta, and x, y, z and u are present within the range expressed by Formula 1, wherein x, y and z denote 
molar fractions and u denotes a value expressed by the Formula 1 . 

x + y + z = 1 

0.10 sx £ 0.60 

0.20 * y s 0.60 

0.01 szg 0.70 

0su*1.90 Formula 1 

3. The dielectric ceramic according to Claim 1 , wherein the accessory components of the dielectric ceramic are present 
within the range of 0.005 to 7.000 % by weight based on the entire weight of the ceramic. 

4. The dielectric ceramic according to Claim 2, wherein the main component comprises a ZrTi0 4 or crystal lographical 
ZrTi0 4 phase substituted with at least one component selected from the group (A) consisting of Mg, Co, Zn, Ni and 
Mn and at least one component selected from the group (B) consisting of Nb and Ta. 

5. The dielectric ceramic according to Claim 2, wherein the main component comprises a ZrTiC>4 or crystal lographical 
ZrT10 4 phase substituted with at least one component selected from the group (A) consisting of Mg, Co. Zn, Ni and 
Mn and at least one component selected from the group (B) consisting of Nb and Ta, and a/b (a and b denote the 
total of molar fractions of the components A and B) ranges from 0.5 to 1 .9. 

6. The dielectric ceramic according to Claim 1 , wherein the complex oxide of the main component further comprises 
at least one component selected from the group (D) consisting of Sn, Hf and Ge. 

7. The dielectric ceramic according to Claim 6, wherein the main component of the dielectric ceramic is expressed by 
the Formula: xZr0 2 ■ yT10 2 - z^uuyafi^uyaP 2 • vD0 2 , wherein A denotes at least one component selected from 
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the group (A) consisting of Mg, Co, Zn, Ni and Mn, B denotes at least one component selected from the group (B) 
consisting of Nb and Ta, and D denotes at least one component selected from the group (D) consisting of Sn, Hf 
and Ge, and x, y, z, v, and u are present within the range expressed by Formula 2, wherein x, y, z and v denote 
molar fractions and u denotes a value expressed by the Formula 2. 

5 

VJ-V4.7 + VS 1 

0.10 sxs 0,60 

w 0.20 § y % 0.60 

0.01 ^ z ^ 0.50 
0.001 *v*0.20 

15 

0== us 1.90 Formula 2 

8. The dielectric ceramic according to Claim 6, wherein the dielectric ceramic further comprises at least one accessory 
component selected from the group (C) consisting of Ba, Sr t Ca, Cu, Bi and W within the range from 0.005 to 7.000 

20 % by weight based on the entire weight of the ceramic. 

9. The dielectric ceramic according to Claim 7, wherein the main component comprises a ZrTi04 or crystallographical 
ZrTi0 4 phase substituted with at least one component selected from the group (A) consisting of Mg. Co, Zn, Ni and 
Mn, at least one component selected from the group (B) consisting of Nb and Ta, and at least one component 

25 . selected from the group (D) consisting of Sn, Hf and Ge. 

1 0. The dielectric ceramic according to Claim 7, wherein the main component comprises a ZrTi0 4 or crystallographical 
ZrTi04 phase substituted with at least one component selected from the group (A) consisting of Mg, Co, Zn, Ni and 
Mn, at least one component selected from the group (B) consisting of Nb and Ta, and at least one component 

30 selected from the group (D) consisting of Sn, Hf and Ge, and a/b (a and b denote the total of molar fractions of the 
components A and B) ranges from 0.5 to 1 .9. 

1 1 . A dielectric resonator comprising the dielectric ceramic according to any of Claims 1 to 1 0, and an electrode on the 
surface of the dielectric ceramic. 

35 

12. The dielectric resonator according to Claim 1 1, wherein the electrode is copper or silver. 

1 3. The dielectric resonator according to Claim 1 2, wherein the electrode is copper. 

40 



45 



50 



55 



32 




33 



EP 0 717 018 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 11 8228 



DOCUMENTS CONSIDERED TO BE RELEVANT 



< Citation of document with indication, where appropriate, 
Catefory| of relevant pagagct 



EP-A-0 587 140 (MATSUSHITA) 

* claims; examples * 

FR-A-2 581 639 (MURATA) 

* the whole document * 

DE-A-39 15 339 (SAKAJ) 

* examples 2-4; tables 2-4 * 

OE-A-22 23 491 (BAYER AG) 

* claims 1-4,6; tables 2-4 * 

A I US-A-5 132 258 (H.TAKAHASHI ET AL.) 



Relevant 
to da tm 

1-13 



16-13 



CLASSIFICATION OF THE 
APPLICATION (InlCU) 



C04B35/49 

H01G4/12 

H01B3/12 



1,6 



1-5 



TECHNICAL FIELDS 
SEARCHED 0nt.Cl.o) 

C04B " 

H01G 
HO IB 



The present search report has been drawn up lor all claims 



Pita Of Mitt 

THE HAGUE 



Date of wnpletkM. of lae «*rti 

4 March 1996 



Harbron, J 



CATEGORY OF OTED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combine** with another 

document of the same category 
A : technological background 
0 : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document died in the application 
L : document cited for other reasons 



& ; member of the same patent family, corresponding 
document 



34 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

■ ■ ■ 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

Q BLACK BORDERS 

* • 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
P( FADED TEXT OR DRAWING 

, □ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCES) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

« 

IMAGES ARE BEST AVAILABLE COPY. 

« * 

As rescanning these documents will not correct the image 

problems checked, please do not report these problems to 

the IFW Image Problem Mailbox. 

* 



